Three cultivars of chrysanthemums from the Time group were grown in the spring and summer-autumn seasons in 2003 -2004. Three nutrient solutions with different nitrogen and potassium contents were applied. Samples of healthy, fully developed leaves were taken for chemical analyses when inflorescence buds appeared, and in the phase of full blooming. The concentration of total N, P, K, Ca and Mg in plant tissue was determined. The nutritional status of plants was very similar in spite of the fact that the plants were grown in different light conditions and different nutrient solutions were used. The paper also contains a proposal of more precise guide values for nitrogen (N 4.35-5.53% d.m.) and for potassium (K 6.36-7.97% d.m.).
INTRODUCTION
The application of day length control permits the growing of chrysanthemums (Chrysanthemum × grandiflorum Ramat./Kitam) year-round. However, the growing conditions are not equal, particularly with regards to real insolation and radiation. Therefore, plants grown in different light conditions differ primarily by photoperiod response and by the quality of flowers (De Jong 1982 , Breś and Jerzy 2004a , Jerzy and Borkowska 2004 . The effect of the growing season, and thereby of the radiation on the mineral balance of chrysanthemum in controlled cultivation (i.e. day length is artificially shortened), has not been explained. The objective of this work was to investigate whether the critical concentration of nutrients characterizing the nutritional status of chrysanthemums should depend on the growing season.
MATERIAL AND METHODS
Studies were carried out in 2003 -2004 in a greenhouse equipped with a computer system controlling the length of day. Day length was shortened to 10 hours (from 7.00 a.m. to 5.00 p.m.) from the moment of the start of cultivation. For darkening purposes, material of Obscura A/B+B type was used. In the experiment, three mean-flowered pot cultivars of chrysanthemum from the Time group were used: 'Doing Time', 'Jewel Time White' and 'Swing Time Improved'. Plants were fertilized using an individual drop irrigation system. Frequency of nutrient supply was controlled with a Soltimer energy meter. Each year, two experimental cycles were carried out -the first one (conventionally called the spring season cycle) lasted from mid-April till the end of June; the second one (summer-autumn season) lasted from mid-August till the end of October. Using the preparation B-Nine 85 SP retarded the plants' growth. The exact terms of each particular experiment's duration are shown in Table 1 . Chrysanthemums were grown in a mixture of limed raised peat and coconut fibre (v/v = 9:1), in pots with 14 cm diameters filled with 0.71 dm 3 substrate. Three nutrient solutions with differing contents of nitrogen and potassium were used ( Table 2) .
The nutritional status of plants was assessed on the basis of chemical analyses of healthy, fully developed leaves. Leaf samples were taken twice during each cycle. The first samples were taken when inflorescence buds appeared; the second time, leaves were sampled in the phase of full blooming.
The total concentration of macroelements in dried plant material was determined after its mineralization in strong acids (Bakuła et. al 1972) . The level of K, Ca, Mg was determined using absorption spectrophotometry. For analysis of P and B, spectrophotometric methods were used. Total N was determined by the micro-Kjeldahl procedure. Solar radiation was measured from 7:00 a.m. to 5:00 p.m. during the studies using a pyranometer. Because of a general similarity, the paper shows only diagrams characterizing radiation in 2004. The critical values characterizing the nutritional status of chrysanthemums were elaborated for the species without a differentiation of cultivars (Lunt and Kofranek 1964 , Reuter and Robinson 1988 , Kerij et al.1990 , Breś et al. 2002 . In the presented paper, the results of the chemical analyses of leaves have been tabulated without the differentiation of cultivars as well. For this data, standard deviation and coefficient of variation have been calculated. Results of these calculations were utilized to determine the guide values for nitrogen and potassium. Furthermore, results of an analysis of two years of studies were statistically evaluated using analysis of variance at p = 0.05.
RESULTS AND DISCUSSION
Information referring to the nutritional status of plants grown in different light conditions is not numerous. The different responses of chrysanthemums to fertilization depending on the season were first noted by Joiner and Smith (1962) . According to Breś and Jerzy (2004b) , noticeable differences in the nutritional status of chrysanthemums occur in leaves of plants grown in summer and winter seasons, thus, in seasons radically differing in light conditions.
The studies presented in this paper were also carried out in two terms differing by light conditions: in the spring season, with the lapse of time, radiation increased, while in the summer-autumn season, it decreased. A comparison of radiation during both cycles of studies has been shown in the example from the year 2004 (Fig. 1.) . The total radiation measured in MJ m Nitrogen and potassium in examined ranges of ion concentrations had no effect on height and width of plants or number and diameter of inflorescences. No effect of the studied nutrient solutions on the plant flowering term was found. The plants, both in the spring and summer-autumn seasons, showed full commercial value (Breś et al. 2008) .
The results of chemical analyses of chrysanthemum leaves are shown in Tables  3 and 4 . A statistical analysis carried out on the basis of standard deviation and the variation coefficient indicates a high repeatability and homogeneity of the obtained results in spite of the application of different nutrient concentrations. In the majority of cases, the variation coefficient did not exceed 10%. The highest values and also the most differentiated coefficient were calculated for calcium (from 8. Fig. 2) . Therefore, there is no need to differentiate the macroelements critical values for chrysanthemums from the Time group, whose complete growing cycle is contained in the period from April to October. Meziane and Shipley (2001) , in experiments with 22 species of herbaceous plants, showed that at low nutrient supply levels the mass concentration of nitrogen was basically constant despite quantum irradiance changing from 200 to 1100 µmol m -2 s -1 . However, in an experiment with roses grown in a hydroponic system, nitrogen uptake rates in the summer days were twice as high as those in winter (Cabrera et al. 1995) . Bouma (1983) reported that increased intensity of light caused a diminution of phosphorus concentration in leaves, leaf stalks and plant roots. According to Treder (2001) , the accumulation of calcium in oriental lily leaves was not affected by nutrition but strongly dependent on light level. Plants grown with supplementary artificial light had almost twice as high a level of calcium in the leaves. No effect of light intensity for nitrogen and phosphorus was noted. Wilcox (1983a, 1983b) , in experiments with tomatoes, demonstrated that the total uptake of N, P, K, Ca and Mg increased with increasing irradiance for plants supplied with N-NO 3 , but with N-NH 4 showed either no response or decreased uptake with irradiance. The advantage of fertigation is mainly uniform delivery of nutrients for plants. Therefore, in the substrate, the amount of elements does not change significantly. Traditional technology of fertilisation (pre-plant and top-dressing fertilisation) does not provide such stability. Plants respond better to smaller amounts of fertilizer delivered more frequently. As shown in the presented studies, it also exerts an effect on the equalisation of macroelements in leaves during chrysanthemum growing. According to literature data, the optimal ranges of macroelements for chrysanthemums are very wide, especially for nitrogen: from 2.25 to 6.00% of leaf dry weight, and from 2.54 to 10% for potassium (Lunt and Kofranek 1964 , Reuter and Robinson 1988 , Kerij et al.1990 , Breś et al. 2002 . High divergences between the values given by the above-mentioned authors suggest that a closer determination of the recommendations is necessary. Because of the short growing cycle of chrysanthemums (in presented experiments from 56 to 72 days), and also because of the comparatively small differences in nutrient concentration in leaves resulting from the terms of sampling (time of inflorescence buds' appearance and in full bloom - Tables 3 and 4 No significant differences at p = 0.05 weight of leaves. These ranges are distinctly narrower than the so far existing recommendations, and in the majority, they are a consequence of fertigation permitting a constant inflow of components throughout the entire period of chrysanthemum growing. 
